Vitamin A deficiency is still considered a major nutritional problem in the developing world. Increasing evidence of the role of vitamin A in the control of both morbidity and mortality is a point of great concern. Vitamin A supplementation began several years ago, and it still continues in many countries. However, there is a gradual realization that one of the most effective and sustainable ways to overcome vitamin A deficiency is through foodbased strategies, which become a way of life. The most effective way to achieve this is by the following methods, in order of priority: dietary diversification (food supplementation, horticultural interventions, management of proper distribution, and availability of vitamin A-rich foods), nutrition education on all issues related to vitamin A (e.g., sources of vitamin A, importance of and need for vitamin A, methods of obtaining vitamin A-rich foods, and community involvement and participation in the process), and food fortification (identification of foods that can be fortified, development of proper cost-effective methods taking into account local food tastes and availability, and development of a mechanism to reach the most needy). This paper summarizes various case studies to ascertain the effectiveness of the different approaches.
Introduction
Vitamin A is an essential nutrient required in very small quantities to maintain normal health. It performs several critical functions in the body, including normal functioning of the eyes and protection of the body from disease and infection. Vitamin A is required to maintain the integrity of tissues lining the eyes, gastrointestinal tract, genitourinary tract, and respiratory system Indira Chakravarty
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and to ensure optimal functioning of the immune system, growth, and development.
Prevalence of vitamin A deficiency
Vitamin A deficiency is a problem of public health significance in over 70 countries. It is prevalent in parts of most countries in Africa and Asia and in some areas of Latin America, the Caribbean, and the western Pacific [1] . It affects large numbers of pre-school and school-aged children and women of child-bearing age. Over 78 million children under five years of age are affected by vitamin A deficiency, putting them at risk in terms of their health and survival. About three million of these children have some form of vitamin Arelated eye disease, ranging from night-blindness to irreversible partial or total blindness. The prevalence of clinical signs of vitamin A deficiency in developing countries was estimated to be about 0.6% in pre-school children in 1995. Clinical vitamin A deficiency is determined based on a combination of night-blindness and eye changes, predominantly Bitot's spots. In developing countries the prevalence of subclinical vitamin A deficiency, based on a serum retinol cut-off value of 0.7 µmol/L, ranges from 15% to 27%.
Sub-Saharan Africa and South Asia have a rate of clinical vitamin A deficiency of around 1% [2] , double that of other regions. Subclinical vitamin A deficiency is also higher in these regions (table 1) [3, 4] . Table 2 shows the prevalence of night-blindness in preschool children due to vitamin A deficiency in the six South-East Asia Region countries [5] .
In a study conducted by the National Nutrition Monitoring Bureau [6] in 10 states of India, the prevalence of vitamin A deficiency was lowest in Kerala (0.3%) and highest in Madhya Pradesh (3.6%). Of the 40 districts surveyed, 34 reported a prevalence of Bitot's spots of at least 0.5%, indicating that vitamin A deficiency is a significant public health problem. In Indonesia children with vitamin A deficiency have been shown to be two to three times more prone to develop diarrhoeal The author is the Director and Dean of the All India Institute of Hygiene and Public Healthin Calcutta, India.
Mention of the names of firms and commercial products does not imply endorsement by the United Nations University. and acute respiratory tract infections. These two diseases account for nearly half of childhood deaths in India.
Intervention strategies
Four main strategies are used to overcome micronutrient deficiencies: dietary diversification, food fortification, supplementation with vitamins and minerals, and public health and disease-control measures. Dietary diversification and food fortification are the two major food-based intervention strategies used to control vitamin A deficiency.
Dietary diversification by horticultural intervention
Horticultural intervention combined with extensive nutrition education is recommended as the major longterm and most sustainable food-based strategy to control and eliminate micronutrient malnutrition. Promotion of the consumption of carotene-rich food is a sustainable approach to combat vitamin A deficiency. Adequate production and consumption of carotene-rich fruits and vegetables, especially green leafy vegetables, play an important role. The South-East Asia Region countries are fortunately blessed with a wide array of inexpensive foods rich in provitamin A carotenoids.
Traditional sources
Many fruits (mainly ripe yellow fruits such as mangoes, papayas, and tomatoes), vegetables, and tuber crops are rich sources of carotene. Leafy vegetables such as amaranth, beet leaf, palak, bassela, fenugreek, coriander, drumstick leaves, curry leaves, mint, and radish leaves are also rich sources of carotene. In general, the darker the green leafy vegetable, the higher its carotene content.
Non-traditional sources
Studies done by the All India Institute of Hygiene and Public Health in Purulia District of West Bengal showed that, apart from the well-known conventional green leafy vegetables, the leaves of a large number of plants growing wild in the countryside (which do not need specially tended kitchen gardens for their cultivation) are also good sources of β-carotene: for example, the leaves of many cole, root, and bulb crops such as cauliflower, cabbage, beets, and radish. These are usually discarded after the harvest of the main produce or sold at throwaway prices at the market. Six non-traditional herbs-arugampul, vilvam, tulasi, amaranth, drumstick, and spirulina-contain high levels of β-carotene, ranging between 5,500 and 84,000 µg per 100 g.
Home-and community-based gardening is now recognized as one of the approaches to increase the production and consumption of carotene-rich foods. One of its advantages is that it is culturally more appropriate and can provide multiple nutrients. Hence it may be a major contribution to an all-round nutritional development. Such approaches have been successfully adopted as a long-term strategy in several Asian countries. Vegetables selected for home gardening should have high nutritive value, be easy to grow and cook, and be palatable. 
Case study of the horticultural approach
The All India Institute of Hygiene and Public Health conducted a pilot project in four villages of Purulia District, West Bengal, to test the effectiveness of home gardening coupled with nutrition education to combat the problem of vitamin A deficiency with support by the Food and Agriculture Organization (FAO) of the United Nations [7] . On the basis of the success of this pilot project, a project was initiated on the prevention of vitamin A deficiency through combined horticulture and education in nutrition and health, with the active help, cooperation, and support of the local government (the panchayat), for ensuring sustainability.
Study objective
The principal objective of the study was to prevent and reduce the prevalence of vitamin A deficiency by increasing the production and consumption of carotene-rich foods through locally feasible and acceptable horticultural methods and related nutrition education programmes. The producers were to be trained in improved horticultural methods suitable to local agroclimatic conditions, as well as in locally suitable methods of food preservation, seed preservation, nursery development, and seasonal production. For a program to be successful, there is a need to generate community awareness, involving women in particular, in the entire process. Ultimately, the impact needs to be assessed. The project covered three widely dispersed blocks-Balarampur, Barabazar, and Hura-in Purulia District of West Bengal, which is the most drought-prone district of the country and has the highest tribal population. It included 1,500 households in 30 villages under three local panchayats where vitamin A deficiency was found to be endemic. The panchayat selected 15 volunteers, 5 in each block, to work for the project at the block level. The stages were collection of baseline data, intervention, and a resurvey to monitor and assess the impact.
Baseline data
The percentage of the population in the reproductive age group (44%) was greater than that in the post-reproductive age group (8%), indicating an expanding population. The sex ratio (989 females per 1,000 males) confirmed the national picture, that it was favourable to males.
According to weight-for-age classification, 14% of boys and 16% of girls under one year of age, 6% of boys and 5% of girls from one through three years of age, and 5% of boys and 5% of girls from four through six years of age were severely malnourished. Between 85% and 90% of the children had mild, moderate, or severe forms of malnutrition.
A height-for-age deficit indicative of chronic malnutrition was more prevalent in the 7-to 9-year and the 13-to 14-year age groups. Malnutrition assessed by mid-arm circumference was also seen in the zero to 3-year age group.
There were no clinical signs of vitamin A deficiency in children under one year of age; however, when all ages were combined, the prevalence was quite high (Bitot's spots, 3%; conjunctival xerosis, 6%; and nightblindness, 15%).
The clinical prevalence of vitamin A deficiency in lactating mothers was between 5% and 7%. Deficiencies of vitamin C (18.7%) and B 2 (15.3%) were noted in all age groups and in both sexes, as well as anaemia (28.5%), dental caries (22.2%), and calf tenderness (7%).
Quantitative diet survey data revealed that, compared with the recommended dietary allowances (RDA), the diets were adequate only in vitamins C, B 1 , and B 2 . The diets were deficient in protein (3%), fat (19%), calcium (19%), iron (48%), and carotene (30%). About 77% of the families had a deficient vitamin A intake (423 µg).
Rapid rural appraisals revealed that green leafy vegetables were available only during the rainy season and in winter. Fruits were a rare commodity, and pulses, meat, fish, eggs, and milk were consumed only occasionally. The prevalence of night-blindness was high, particularly among mothers. Breastfeeding was universal and was continued until the infant was two to three years old. The survey communities had food taboos, particularly during certain physiological conditions, such as pregnancy, lactation, and illness.
Knowledge, attitude, and practices with regard to vitamin A foods and vitamin A deficiency were very poor.
Intervention
To ensure support from the community and from the local and state governments, a State-Level Advisory Committee chaired by the Honorable Minister, a District-Level Committee chaired by Sabahdhipati Zila Parishad, and Block/Village Level committees in each of the three blocks were formed. Community volunteers were selected to conduct activities of the project at the household level.
The field staff of the Institute and the community volunteers were trained in the objectives and purpose of the study; the schedule for data collection and concepts behind these data; the International Vitamin A Consultative Group method of assessment of vitamin A intake; collection of information about knowledge, attitudes, and practices; home gardening methods; and communication of nutrition messages to the public, particularly to mothers. A core group of trainers was created at the village level to maintain continuity.
Local governments and functionaries provided land for six nurseries, two in each of the three blocks, that were used to grow plants and supply seeds to the com-munity. Water sources (including wells and pumps) were also provided. The local communities provided the labour, and local extension workers, Integrated Child Development Service and public health centre staff, and panchayat workers assisted with the coordination of the programme.
Health and nutrition education was provided to the volunteers and fieldworkers by experts from the All India Institute of Hygiene and Public Health, Vishwa Bharati University, Jadavpur University, the State Planning Board, the Government of West Bengal, the Parliamentary Committee on Health, and FAO experts. The trainees subsequently acted as trainers.
The following nutrition education and training materials were prepared and disseminated: a handbook on home gardening methods for growing vitamin Arich vegetables and fruits; a functional education booklet on the importance of vitamin A in the diet; a manual for the elected panchayat leaders on the planning and implementation of the project, indicating their responsibilities to achieve the objectives of the project; a leaflet on the types and importance of vitamin A-rich vegetables; audio cassettes containing songs for promoting consumption of vitamin A-rich vegetables and their role in the prevention of vitamin A deficiency; video cassettes on methods of growing different fruits and vegetables, specifying land requirements, seeds and plants, timing, inputs, cost, etc.; video cassettes on vitamin A deficiency and how to control it; and a crop calendar for vitamin A-rich vegetables.
The project provided the beneficiaries with seeds, fertilizer, gardening equipment, and training on better cultivation practices for production in the home garden. Six central nurseries were established to produce seedlings for distribution by the panchayat to the project beneficiaries at a nominal cost. The land for the nurseries was provided by the panchayat. Food technologists provided training on the preservation of fruits and vegetables as well as suitable technology for local food fortification.
Impact
A baseline study and a post-project survey were conducted to assess the impact of the intervention.
Production of green leafy vegetables
The percentage of households cultivating green leafy vegetables increased in all three blocks compared with baseline: from 82% to 94% in Balarampur, from 78% to 94% in Barabazar, and from 84% to 97% in Hura. The production of all vegetables (green leafy and other vegetables) increased. An increased number of households felt that the cultivation of papaya and green leafy vegetables should be increased.
The most remarkable change was that each household attempted to grow at least one drumstick plant to provide drumstick leaves throughout the year and at least one creeper (pumpkin, gourd, or poi) on the rooftop.
Consumption of green leafy vegetables
The weekly consumption of green leafy and other vegetables at the household level increased substantially to more than three times a week. The consumption of green leafy vegetables increased in the three areas compared with baseline: from 20% to 50% in Balarampur, from 17% to 40% in Barabazar, and from 15% to 45% in Hura. The average intake of greens increased by 15 g/ day/ACU (average consumption unit).
The average consumption of fruits rich in carotene increased by as much as 7.5 g/day/ACU in the form of ripe papaya and mango, which were in season at the time of the survey.
Economic benefit of kitchen gardens
There was a direct economic benefit of the kitchen garden. In addition to growing enough for their own consumption, a high percentage (40%) of families sold about 10% to 25% of the produce.
Prevalence of signs and symptoms of vitamin A deficiency
The prevalence of signs and symptoms of vitamin A deficiency was reduced: conjunctival xerosis from 6.4% to 3.5%, Bitot's spots from 2.8% to 0.8%, and nightblindness from 15.3% to 4.7%.
Knowledge, attitudes, and practices
The knowledge that night-blindness was caused by vitamin A deficiency increased from 15% to 36% in Balarampur, from 8% to 26% in Barabazar, and from 5% to 40% in Hura. There was also an increase in the awareness of the value of including green leafy vegetables in weaning food for infants from 35% to 45% in Balarampur, from 39% to 63% in Barabazar, and from 45% to 67% in Hura.
The most common reason given by respondents for increasing vegetable production was their good nutritional value as food. The knowledge that both green leafy vegetables and yellow fruits are good sources of vitamin A increased from 36% to 47% in Balarampur, from 25% to 31% in Barabazar, and from 40% to 49% in Hura.
Community needs and demands
That the community was highly motivated was proven by several facts. The community was inclined to grow more greens. There was a demand for high-yielding, drought-resistant varieties of seeds from the local coordinators. Women requested more cooking demonstrations, and when volunteers and experts visited them they asked relevant questions regarding cooking practices for better availability of nutrients. There was continuous demand to teach and support methods to preserve seasonal produce. Panchayat leaders and workers were requested to provide continuous health and nutrition education, particularly to illiterate women through visual aids.
Involvement of the panchayat
The entire panchayat from the district to the village level was highly motivated about the usefulness of home gardening for the alleviation of malnutrition due to deficiency of vitamin A as well as other micronutrients, such as vitamin C, iron, and folic acid. There was excellent cooperation between the workers and the villagers during the whole course of the study. The success of the study largely depended on the coordinated approach with the people's participation. The local panchayat leaders and workers demanded further extension of the programme, at least in respect of information for home gardening, creation of nurseries, and continuous health and nutrition education, so that the people could be more knowledgeable as well as motivated.
Audiovisual aids
The impact of posters, pamphlets, and booklets on literate people, panchayat workers and leaders, and primary school teachers was impressive. They discussed vitamin A malnutrition and its prevention knowledgeably with the experts visiting them. Musical and video cassettes impressed the illiterate women, particularly those who responded most to all the interventions initiated.
Sensitization, advocacy, and reorientation meetings and training
Various meetings, training programmes, and field-level seminars were conducted to draw the attention of authorities and workers from all levels, such as local members of the Legislative Assembly, Sabhadhipati, panchayat Pradhan, local leaders, and non-governmental organization leaders. The workers and volunteers who were trained in various aspects of the project were found to deliver services most effectively at the household levels not only in the project area but also beyond it, according to the request of the local panchayat. However, the most important feature was the enthusiasm and eagerness of the local villagers, particularly the women.
Follow-up
A meeting to share project objectives, activities, and results was held on the floor of the Assembly House of the Government of West Bengal with senior Ministers of the state, including the Minister of Planning and Development, all elected members of the Legislative Assembly, panchayat leaders, and national as well as international consultants and experts. After thorough discussion, the House recommended the initiation of similar programmes on home gardening in other districts and its inclusion in the state plan. They also recommended that a certain percentage of the panchayat budget should be reserved for it.
Other case studies of horticultural intervention from the region Andhra Pradesh, India
The National Institute of Nutrition conducted a threeyear study to assess the feasibility of home gardening in 20 villages in two agroclimatic regions in one of the South Indian states [8] . After a baseline survey, seeds and seedlings of carotene-rich foods were distributed, along with multimedia nutrition education. An evaluation revealed that there was a more than a sixfold increase in the percentage of households with home gardens. About 65% of these households were growing seasonal greens, such as amaranth and spinach, in addition to perennials, such as drumstick, papaya, and bachali. The frequency of consumption of carotenerich foods (more than once a week) increased by about 50% over that observed at baseline. About 50% of the people in households with surviving drumstick plants consumed the leaves, as compared with none at baseline. The prevalence of Bitot's spots showed a declining trend, although it was not statistically significant (p > .05), with increasing duration of participant. This study clearly indicated that the home gardening approach is feasible and can be an essential long-term strategy to combat vitamin A deficiency in rural India, and pointed out the need to add nutrition to the current horticultural programmes in India.
Maharastra, India
A study in the urban slums was undertaken by Srimati Nathibsbai Damodar Thackersey University in Bombay [9] . The study indicated that there is great potential to promote the production as well as the consumption of vitamin A-rich foods among urban slum dwellers despite space, financial, and other constraints.
Bangladesh
A home-gardening evaluation study prepared by Helen Keller International in Bangladesh showed there was an increase in the consumption of garden produce, a more than 25% increase in household vegetable consumption, a reduction in the prevalence of night-blindness, and an improvement in overall household food security.
Another study of home-gardening projects in an urban setting in Bangladesh showed an increase in the percentage of households with gardens from 0.7% to 9.4%*. Even more encouraging was the increase in con- In another study in Bangladesh, children from households with a homestead garden were 29% more likely to consume green leafy vegetables**. In addition, market dependency for green leafy vegetables at the household level decreased with improvements in gardening practices, and the frequency of consumption of green leafy vegetables by children increased accordingly, i.e., the association between the type of household garden and child nutritional status was strong.
Worldview International Foundation conducted a study in the high-risk areas of the Greater Rangpur-Dinajpur Region in northern Bangladesh [10] . The results demonstrated that 1,010 school gardens, 50,500 student gardens, and 975,283 home gardens were developed. The prevalence of night-blindness per 100 households decreased from 5.37 in the 1987 baseline survey to 3.23 in the evaluation survey in 1990. Ninetyfive percent of the respondents knew the correct meaning of night-blindness. Over 90% of the parents knew the age of occurrence of night-blindness, and 84% were aware that night-blindness could be prevented by eating vegetables and fruits.
Vietnam
A community nutrition project conducted in four communes of Vietnam included 5,588 households with 3,716 young children [11] . There were significant increases in the production of fruits, vegetables, and other foods from family gardens. An increased intake of nutrients, including iron, vitamin C, carotene, and protein, among households with young children was observed. There were improvements in the nutritional status of young children and the nutritional knowledge of their mothers. Mothers who had participated in the pilot nutrition education programme demonstrated a significantly better understanding of good nutrition and of vitamin A than those in the control group.
Thailand
The prevalence of Bitot's spots in Thailand was significantly reduced by the use of modern communication techniques in social marketing to promote consumption of carotene-rich foods [12] . The local health system and other allied departments were also actively involved.
Indonesia
Orange fruit was found to be more effective than green leafy vegetables in increasing serum concentrations of retinol and β-carotene in Indonesian schoolchildren [13] .
Food fortification
Nutrient fortification of staple foods was developed in the early part of the twentieth century. Salt was iodized in Switzerland in the early part of the century. During the 1930s and 1940s, milk was fortified with vitamin A and flour was fortified with iron and B vitamins in a number of European countries and North America. Margarine fortified with vitamin A was introduced in Denmark in 1981.
The technology of food fortification holds forth an affordable and immediate opportunity for developing countries, particularly India, to improve lives and accelerate social and economic development, provided it can reach the most deprived and needy. Today, in developed countries where there is a high dependence on processed food and industries are streamlined and automated, food fortification has played a major role in the health of the population at large. It provides the maximum benefit for the minimum investment. In other words, it is probably one of the most efficient as well as one of the most cost-effective means of eliminating micronutrient malnutrition. For developing countries, however, suitable developments and modification need to be worked out. Cost control has to be effective, otherwise fortification is not likely to have an impact on the most vulnerable groups.
One or more nutrients that are normally absent or otherwise present only in minimal amounts can be added to a food. The amount to be added has to be designed to contribute significantly towards the improvement of the nutritional status with respect to that nutrient. However, this will need careful monitoring, considering the fact that there is a wide variation in the intake pattern within the community. For the programme to be successful, the fortified staple food must reach everyone, especially the deprived and vulnerable population.
Fortification is socially acceptable, requires no change in food habits, and does not change the characteristics of the food. It can be introduced quickly and has readily visible benefits. It also can be legally enforced, is relatively easy to monitor, is safe, and is the cheapest intervention for any country. What is required is commitment from the government and the food industry and a suitably informed consumer who demands a micronutrient-rich food.
A staple food suitable for fortification should be consumed by a sizeable proportion of the target population; be processed centrally in large enough quantities to allow controlled fortification; be distributed through a widespread network so that it reaches all regions of the country; be inexpensive, so that it can be consumed by all income groups; not change in taste, colour, or appearance on fortification; not lose the nutrient on further processing or cooking; and have a stable and uniform per capita daily intake, so that the fortification levels can be accurately assessed. The added nutrient should be physiologically available from the food. It should supply optimal amounts without increasing the risk of excessive intake or toxic effects. It should not have inhibitors such as phytates; if inhibitors are present, suitable corrective methods will have to be adopted. Fortification should be economically feasible through an industrial process. The end product should not cost significantly more than the dietary vehicle or the unfortified product. The fortified product should be stable, and if a pre-mix is used, it should mix well with the dietary vehicle and not separate from it.
Fortification of oil and vanaspati with vitamin A
In India the per capita annual availability of edible oils and vanaspati (all-purpose cooking fat or vegetable ghee) increased from 4.7 kg in 1980 to 7 kg in 1994. The availability of vanaspati remained unchanged at 1 kg, but that of edible oil increased from 3.7 to 6 kg. About 0.9 million tons of vanaspati are produced in India annually. The production of vegetable oil doubled between 1985 and 1995. Oil is still imported, mainly as palm olein from Malaysia. The palm oil is reprocessed and clarified, eliminating the β-carotene.
Although it is mandatory in India for vanaspati to be fortified with vitamin A to a level of 40% of the RDA, the efficacy of this measure and its benefits to the low-income groups are yet to be clearly established. The rural population consumes very little vanaspati (0.3 to 1 g per day) and therefore receives very little vitamin A through this vehicle. Increasing the per capita income in rural areas and selling vanaspati in smaller, affordable packages may contribute to its higher consumption.
A survey indicated that the average daily consumption of vanaspati is higher in the higher-income group (10 g), resulting in vitamin A availability of 250 IU, or 12.5% of the RDA. The urban population consumes between 3.5 and 17 g per day, but there is wide regional variation, with those in the south consuming less than those in the north. Moreover, a sizeable amount of vanaspati is lost on heating.
However, it is important to ensure that there is either no or very little cost increase, since any sizeable cost increase will affect the domestic market and may allow greater penetration by imports. It is significant in this context that a value-added fortified oil product launched recently has not met with the expected success. Another suggestion that has been mooted is that the fortification can be implemented when the oil is unloaded and repackaged. However, this may also lead to unwanted adulteration unless a stringent monitoring process is built in. Moreover, since fried foods are popular in India, retention of the vitamin A in the oil after repeated heating needs to be tested before launching a national initiative.
The Philippines mandates the fortification of margarine. Shelf-stable margarine with 375 retinol equivalents (RE) of vitamin A per 15-g serving has been on the market since 1993. Within six months of its introduction there was a 6% decrease in the prevalence of low serum retinol, since margarine is a widely used product.
Milk and dairy products
In India 65 dairies have fortified their liquid milk with 2,000 IU of vitamin A per litre. The effort was supported by a government subsidy to meet the additional costs of fortification for three years. After the subsidy was withdrawn, the dairies were reluctant to pick up the fortification costs. A possible contributing factor may be the lack of generation of awareness and consequently the absence of any public demand or outcry from the consumers. There is also scope for fortifying the powdered milk often used in public feeding and Integrated Child Development Service programmes.
Sugar
Sugar production was introduced in India in 1906. The average annual production is 12 million metric tons. Thirty-six percent of the white sugar is used mainly in soft drink factories, 24% is sold in the free market for domestic use, and 40% is purchased as levy sugar (with the smallest crystal size and the least white colour). The refined sugar industry is well organized, and fortification with micronutrients may be feasible in a controlled manner. However, the wide variation in intake among various groups, and particularly the fact that members of the lower-income groups, who need micronutrient support the most, consume very little sugar, raises speculation as to its use as a fortification vehicle.
In the mid-1960s, Guatemala was identified as a country where a relatively large proportion of the population under 15 years of age had vitamin A deficiency [14] . Sugar was identified as a centrally processed foodstuff that was widely consumed by children at risk of deficiency and that could be fortified with vitamin A. Sugar was first fortified on a large scale in Guatemala in 1974. In the same year, the Guatemalan Congress enacted a law requiring all sugar produced for the domestic market to be fortified with vitamin A. Sugar was initially fortified during a two-year period, and the subsequent epidemiological surveys among pre-school children revealed a significant positive impact. All refined sugar in Guatemala is currently fortified with vitamin A at Food-based strategies to control vitamin A deficiency approximately 50 IU per gram. It is estimated that children receive about 70% of their vitamin A requirements from sugar. The Guatemala programme has had an important impact on both the vitamin A and the anaemia status of Guatemalan children and may have contributed to the decrease in child mortality rates.
This approach could be adopted in Asia, considering the consumption pattern (which has wide variations), the cost, and the overall legal control mechanism.
Rice
Since rice is the main dietary staple in many regions where vitamin A deficiency is prevalent, it is a suitable vehicle for fortification. A process has been developed to fortify rice with vitamin A and other micronutrients. The product is known as Ultra Rice. Ultra Rice is manufactured by blending the fortificant into rice flour and extruding the resulting paste to yield a concentrated, fortified rice product that has the appearance, density, and taste of unfortified rice [15] . The concentrate, with a typical vitamin A content of approximately 2,500 IU/g, can be blended with unfortified rice at ratios from 1:100 to 1:200 to provide an appropriate dietary level of vitamin A. The size and shape of the concentrated grain can be adjusted to match the type of rice being fortified. The source of the rice flour can be milled or broken rice grains, which account for 15% to 50% of the world's rice harvest, depending on the region. However, its acceptance, cost at the household level, and availability are important factors that need to be considered.
Guidelines for developing a food fortification strategy for India
The health, food, and industry sectors need to work together closely, with an explicit understanding and recognition of one another's viewpoints, concerns, and interests. Food fortification provides a unique opportunity for the food industry and trade to participate and play a leading role in a health intervention endeavour.
The regulation of food quality through legislation and its effective enforcement will greatly contribute to the success of fortification efforts. Fortification efforts should be supplemented by and combined with other intervention strategies, such as supplementation, dietary approaches, nutrition education, and social marketing. The programmes should dovetail into India's existing food production and distribution systems with minimum disruption or cost. Subsides, especially in the case of iron fortification, may help reduce the cost to consumers and help the fortified product gain popularity and widespread acceptance.
An effective and sustainable micronutrient delivery system necessitates a multisectoral approach involving government, industry, the scientific community, and consumer groups in its planning and monitoring. The expertise available in the industry for market development and price determination needs to be tapped. The free-market, profit-oriented approach of industry should be supported.
The technical feasibility of the fortification process needs to be carefully analysed and evaluated. The process should not in any way affect or alter the vehicle, and the nutrient losses during storage and cooking should be within tolerable limits. There should be active involvement of industry in developing the technology and in production and quality control. Research and development facilities in large multinational companies may be of help in this regard.
A social marketing approach needs to be effectively harnessed to generate an increasing awareness of the problems associated with micronutrient deficiencies and the need to consume fortified foods.
The people operating at various levels of the public and private sectors need to be appropriately trained in the techniques of food fortification, quality control, monitoring, and evaluation. Monitoring and evaluation is an essential and integral component of the programme, which helps us to identify the process, problems, and needs. The food quality and fortificant levels in the foods at various levels from production to consumption need to be measured to ensure that the population is receiving adequate quantities of the nutrient. Periodic estimation of the clinical and biochemical indicators is also essential to evaluate the impact of the intervention approach.
The development of multiple fortification programmes needs to be well coordinated. Considering the limitations in the available technology, there is need for more extensive and coordinated research and development. Field and pilot commercial trials may be required to evaluate the technical and economic feasibility and consumer acceptability of the product.
The experiences of other countries, agencies, and industries need to be strengthened to select the most viable and sustainable mechanism for India. Care has to be taken that fortification does not lead to increased cost, an open door for adulteration, an inability to reach the most needy, or an excess intake of a particular component.
